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(57) [Abstract] 

[Objective] Solid electrolyte fuel cell which is superior in mechanic 
al strength , electrical conductivity etc with crystal structure of 
thesubstrate as novel is obtained. 

[Constitution] mtermingled cermet of metal matrix 9 and ceramic 
matrix 10 which possess network structure of thethree- 
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[Claim(s)] 

[Claim 1] Laminating separator which applies oxidation-resistant 1 
ayer to unit cell and theseparator substrate which allot electrode to 
cell substrate alternately, it designatesthat it is a mteirningjed 
cermet of metal matrix and ceramic "matrix where at least one of 
the cell substrate and separator substrate has network structure of 
three-dimensional in solid electrolyte fuel cell whichbecomes, as 
feature, solid electrolyte fuel cell . 

[Claim 2] It designates that it is a at least one where ceramic matr 
ix is chosen from thegroup of Cr 2O3, FeO , Fe203 , Fe 3O4, 
Ti02 in solid electrolyte fuel cell which is stated in Claim 1 , 
asfeature, solid electrolyte fuel cell . 

[Claim 3] Solid electrolyte fuel cell which is made feature which is 
a at least one where metal matrixis chosen from group of Co , 
Cu , Fe , Ni , Pd , Pt , Ru in solid electrolyte fuel cell which is 
stated inthe Claim 1 , densely. 

[Claim 4] Intermingjed cermet of metal matrix and ceramic matrix 
which possess network structure of the three-dimensional in solid 
electrolyte fuel cell which is stated in Claim 1 , being formed by 
thesolid phase substitution reaction of metal starting material and 
oxide starting material, designates that it becomes asfeature, solid 
electrolyte fuel cell . 
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[Claim 5] Metal starting material of solid phase substitution reacti 
on designates that it is a at least one which is chosenfrom group of 
Ti, Fe t Cr as feature in solid electrolyte fuel cell which is stated 
inthe Claim 4 , solid electrolyte fuel cell . 

[Claim 6] Oxide starting material of solid phase substitution reacti 
on makes thing feature which is a at least one whichis chosen from 
group of CoO , Cu20 , FeO , Fe203 , NiO , Pd O, Pt O2 , Ru 
O2 in solid electrolyte fuel cell which is stated inthe Claim 4 , 
solid electrolyte fuel cell . 

[Claim 7] At least one where metal addition product or oxide additi 
on ones are added by metal starring material and theoxide starting 
material of solid phase substitution reaction in solid electrolyte 
fuel cell which is stated in Claim 4 , arechosen from group of Al , 
Co , Mn , Mo, Ni , W, Y as metal addition product, it designates 
that itcan use at least one which is chosen from group of AI2O3 , 
BaO, Cr 2O3, MgO , Si02, SrO, Ti02, Y203, Zr02 as the 
oxide as feature, solid electrolyte fuel cell . 

[Claim 8] solid phase substitution reaction designates that from ro 
om temperature stepped temperature rise is done in range ofthe 
1400 °C in in vacuum or inert gas as feature in solid electrolyte 
fuel cell which is stated inthe Claim 4 , solid electrolyte fuel cell . 

[Description of the Invention] 
[0001] 

[Field of Industrial Application] This invention making use of soli 
d electrolyte, relates to structure of thesolid electrolyte fuel cell 
which converts free energy of Gibbs to electrical energy with 
theelectrochemical reaction regards structure of cell substrate or 
separator substrate of solid electrolyte fuel cell of especiallyflat 
sheet type support membrane system. 

[0002] 

[Prior Art] As for solid electrolyte fuel cell in electrolyte in order 
battery to operate with thehigh temperature of 1,000 °C 
neighborhood, making use of zirconia high efficiency , Generation 
of electricity of high output is expected, at same 
timeimprovement of fuel is unnecessary or easy and maintenance 
of theelectrolyte and to make unnecessary, because furthermore 
exhaust gas from thefuel cell it is a high temperature, because use 
limit of waste heat is wide, recentlythe research and development 
is advanced to accelerated progress regardless of inside and outside , 
governmentand private sector. 

[0003] Solid electrolyte fuel cell is roughly classified by cylinder an 
d flat sheet type to thestructural, can use ceramic any type as 
principal material. There is a self supporting membrane system 
and a support membrane system in representative ones of flat 
sheet type cell. With self supporting membrane system it forms 
anode and cathode in both surfaces of thestabilized zirconia which 
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is a electrolyte has made unit cell. But as for thickness of 
electrolyte it is necessary to make 100 to 200 um 
extentbecause specific resistance of zirconia is large. In this case 
with self supporting membrane system such as making thin film of 
zirconia or problem of thehandling when producing surface area 
enlarging of cell is difficult. On one hand in order with support 
membrane system to form zirconia , cathode which is a 
electrolyteon for example anode substrate which had strength, 
surface area enlarging of cell becomespossible. In anode substrate 
in support membrane system of the latter proper, 

. circle- 1.. Be superior in mechanical strength as structure of cell 
main body. 

[0004] .circle-2.. Be superior in gas permeability for fuel. 

.circle-3.. Be superior in electrical conductivity. 

xircle-4.. It must be equal to YSZ(8 mol %Y203- Zr02> where t 
hernial expansion coefficient (thermal expansion coefficient) is 
solid electrolyte. 

xircle-5.. It must be a difficult sintering. 

It could seek fact that characteristic are filled up, development oft 
he anode substrate was advanced over long year. So far being 
published to Table 1 composition and characteristic of 
unrepresentative anode substrate which most is superior are 
shown. 

[0005] 

[Table 1] 



[0006] 

[Problems to be Solved by the Invention] But uses conventional an 
ode cell substrate or separator substrate an above-mentioned way 
regarding thesolid electrolyte fuel cell which, Still characteristic is 
not satisfactory, mechanical strength , gas permeability , 
electrical conductivity improves from conventional onesby using 
novel structure of anode cell substrate or separator substrate, and 
thermal expansion ratio is equalto YSZ, furthermore anode cell 
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substrate or separator substrate where metal component showsthe 
difficult sintering is developed, output density is large and it is to 
offer thesolid electrolyte fuel cell of flat type support membrane 
system where surface area enlarging of cell is possible. 

[0007] 

[Means to Solve the Problems] Above-mentioned object according 
to this invention laminating theseparator which applies oxidation- 
resistant layer to unit cell and separator substrate which allotthe 
electrode to cell substrate alternately, is achieved by assuming that 
it isa mtermingjed cermet of metal matrix and ceramic matrix 
where at least one of cell substrate andthe separator substrate has 
network structure of three-dimensional in solid electrolyte fuel cell 
which becomes. 

[0008] As for ceramic matrix it can use at least one which is chose 
n from groupof Cr 2O3, FeO , Fe203 , Fe 304,Ti O2 in above- 
mentioned cermet, as for metal matrix it can usethe at least one 
which is chosen from group of Co , Cu , Fe , Ni , Pd , Pt , Ru . 
In addition as for mtermingled cermet of metal matrix and ceramic 
matrix which possessthe network structure of above-mentioned 
three-dimensional, it is possible, it can use theat least one which is 
chosen from group of Cr , Fe , Ti as metal starting material in 
thiscase, to form with solid phase substitution reaction of metal 
starting material and oxide starting material it can use theat least 
one which is chosen from group of CoO , C112O , FeO , Fe203 , 
NiO , Pd O, O2 , Ru O2 as oxide starting material. 

[0009] When solid phase substitution reaction is A x O + yB -> 
xA + By O l:y or it makes specified mole ratio of theoxide 
powder and metal powder above that. Furthermore it can use 
metal addition product or oxide addition ones regarding theabove- 
mentioned solid phase substitution reaction, making at least one 
and oxide addition ones which arechosen from group of Al , Co , 
Mn , Mo, Ni , W, Y, as metal addition product it can use at least 
one which is chosen from group of AI2O3 , BaO, Cr 2O3, MgO , 
Si02 f SrO, Ti02, Y203, Zr02 effectively. 

[0010] Upper limit of addition in this case is 20 wt% vis-a-vis star 
ting material total amount,the 10 wt% or less is suitable. And 
regarding above-mentioned solid phase substitution reaction from 
room temperature stepped temperature rise isdone in range of 
1400 °C in in vacuum or inert gas. 

[0011] 

[Work or Operations of the Invention] As for network structure 
where metal matrix and ceramic matrix are complicate dmutu ally in 
3 -dimensional metal matrix and ceramic matrix each one showing 
integrated structureunlike those which mix metal and ceramic 
which are made theobjective simply, structure which is connected 
to continuous is acquired. 

[0012] Conformity of thermal expansion coefficient is decided by 
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weight ratio of metal matrix and theceramic matrix. In addition 
because mutual contact area is large with network structure which 
isrich to relief interface strength between metal matrix and 
ceramic matrix is large. Once when network structure where 
ceramic matrix lies between between metal matrix isformed that 
becomes scattering fault of substance migration. 

[0013] When solid phase substitution reaction is done between met 
al starting material and oxide starting material, substance 
migration dueto exchanging oxygen between metal starting 
material and oxide starting material happens, therearrangement of 
product happens. When at least one which is chosen from group 
0fPtO2 , PdO, Ru02 > NiO, CoO, FeO, Fe203 , CU2O 
making useof at least one which is chosen from group of Ti, Fe , 
Cr as metal starting material, as oxide starting material is used 
solid phase substitution reaction becomes possible. 

[0014] As for any metal addition product or oxide addition things i 
n above-mentioned solid phase substitution reaction the. circle- 1.. 
reaction rate of cermet formation decreasing, narrowing to do 
structure, the.circle-2.. composition of produced phase changing, . 
circle-3.. microscopic oxide is dispersed, thermal expansion ratio , 
mechanical strength , electrical conductivity of cermet it can 
change this way. In case of . circle- 1... circle-3. oxide of alumina 
AI2O3 , magnesia MgO , silica Si02, yttria Y2O3, zirconia Z1O2 
or other fine grain which is difficult to bereduced is added to 
starting material. In case of .circle-2. there is a case of metal 
addition and oxide addition. 

[0015] When metal C is added, when C affinity of B and thesame e 
xtent or oxygen is strong above that, when Cr and Alare added to 
for example NiO -Ti , reaction of Formula (1) is caused. 

(1+n) Ax O +yB+nzC=(l+n) xA+B y O +nC z O (1 

) 

In addition when C affinity of oxygen is weaker than theB, when 
Cu and Pt are added in for example NiO -Ti , reactionof Formula 
(2) happens. 

[0016] 

A x 0+yB+nzC=A x * C nz alloy +B y O (2) 

Reaction occurs. When oxide C z O is added, when we assume, th 
at C z O it is reducedby B , adds CoO and Cr 2O3 to for 
example NiO -Ti being, kind ofwhen, reaction of Formula (3) 
happens. 

AxO+(l+n)yB+nC z O =Ax * C nz alloy +(l+n)B y O 

(3) 

CzO when being reduced by B SrO and BaO tothe for example 
NiO -Ti , adds being, kind of when, reaction of Formula (4) 
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happens. 
[0017] 

AxO+yB+nCzO = xA+ByO*nCzO alloy oxide 

(4) 

In solid phase substitution reaction when from room temperature s 
tepped temperature rise is done in range of the 1400 °C, in in 
vacuum or inert gas you can hold down sudden reaction. 

[0018] 

[Working Example(s)] Next Working Example of this invention i 
s explained on basis of the drawing. 

Working Example 1 

Composition and particle diameter of metal powder and oxide pow 
der and additive powder whichit uses are shown in Table 2 , Table 3 , 
Table 4. In order for oxide powder and metal powder to become 
specified mole ratio, mixing, thepredetermined amount adding 
poly vinyl alcohol aqueous solution and after mixing to fully, in 
order tobecome disk of diameter 25 mm and height 3 to 5 mm 
or angular prism of 5 X 6 X 40 mm,making use of single screw 
press forming with pressure of 200 MPa it formedthe molded 
article. 

[0019] When solid phase substitution reaction is A x O + yB 
xA + By O it designates specified mole ratio of oxide powder 
andthe metal powder as 1 :y, when sintering when there is a 
oxidation due tothe atmosphere gas, it makes above 1 :y. 
proportion of additive when additive to be reduced alloy oxide is 
notmade difficult, designates specified mole ratio of A x: B: 
additive as 1: y: additive molar amount, designates specified mole 
ratio which causes reaction of (1) as (1+n): y: n . When reaction 
of (2) is caused, it makes 1: y: n . When reaction of (3) is caused, 
it makes 1: (l+n)y: n. When reaction of (4) is caused, it makes y: 
n. When adding additive to excess, 20 weight % is limit. 



[0 0 2 0] W&tifcdHBft^T^^V^XlfHRT-cm 
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[0020] Molded article which it acquires under argon gas atmospher 
e with specified temperature degreasingafter doing, temperature 
rise was done with 250 °C/hr, solid phase substitution reaction 
was advancedwith specified temperature. Figure 1 through Figure 
4 is line drawing which shows temperature rise pattern of solid 
phase substitution reaction whichrelates to Working Example of 
this invention. With Figure 1 temperature rise pattern is formed 
with several step number, but, Dividing into several times with 700 
°C or below, what thermal processing it has done,because 
insulating temperature of respective solid phase substitution 
reaction is high, is, in order toform dense reaction layer, not to 
become sudden reaction like sintering and synthesis reaction and 
thermite reactionwhich accompany melting when it reacts with 
1 100 °C or higher what constant time thermal processing^ does 
is with 900 °C in order making uniform to do weave. 
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[0021] Oxide A x O is reduced by metal A , metal B oxidation be 
ing done .forms oxide ByO. In other words oxygen inside solid 
phase is substituted, for example oxide being NiO , metal is Ti to 
when 



2N i 0 +T i =2N i+T i 02 2 NiO +Ti=2 Ni + Ti02 
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(57) [Abstract] 

[Objective] Solid electrolyte fuel cell which is superior in mechanic 
al strength , electrical conductivity etc with crystal structure of 
thesubstrate as novel is obtained. 

[Constitution] Intenriingled cermet of metal matrix 9 and ceramic 
matrix 10 which possess network structure of thethree- 
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dimensional is used for substrate. 





l^T, -tr^ £ 7^X7 h 'J^X^Cr203. FeO, Fe203. Fe3 
l^T, fi7h'J^X^Co. Cu. Fe. Ni. Pd. Pt. Ru CD 



[Claim(s)] 

[Claim 1] Laminating separator which applies oxidation-resistant 1 
ayer to unit cell and theseparator substrate which allot electrode to 
cell substrate alternately, it designatesthat it is a intermingled 
cermet of metal matrix and ceramic matrix where at least one of 
the cell substrate and separator substrate has network structure of 
three-dimensional in solid electrolyte fuel cell whichbecomes, as 
feature, solid electrolyte fuel cell . 

[Claim 2] It designates that it is a at least one where ceramic matr 
ix is chosen from thegroup of Cr 2O3, FeO , Fe203 , Fe 3O4, 
Ti02 in solid electrolyte fuel cell which is stated in Claim 1 , 
asfeature, solid electrolyte fuel cell . 

[Claim 3] Solid electrolyte fuel cell which is made feature which is 
a at least one where metal matrixis chosen from group of Co , 
Cu , Fe , Ni , Pd , Pt , Ru in solid electrolyte fuel cell which is 
stated inthe Claim 1 , densely. 

[Gaim 4] Intermingled cermet of metal matrix and ceramic matrix 
which possess network structure of the three-dimensional in solid 
electrolyte fuel cell which is stated in Claim 1 , being formed by 
thesolid phase substitution reaction of metal starting material and 
oxide starting material, designates that it becomes asfeature, solid 
electrolyte fuel cell . 
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[0002] 

7£Jfll* l.OOO^j65a(D«fflT*B/H6*ft«l*#SfcAttaS 

<i4S«T'&y««H<&>^>^>x**Kfc**- $ 



[0003] B^BliKffliEWWSfili^HtWl^nBffltT 



[Claim 5] Metal starting material of solid phase substitution react' 
on designates that it is a at least one which is chosenfrom group of 
Ti, Fe , Cr as feature in solid electrolyte fuel cell which is stated 
inthe Claim 4 , solid electrolyte fuel cell . 

[Claim 6] Oxide starting material of solid phase substitution reacti 
on makes thing feature which is a at least one whichis chosen from 
group of CoO, Cu20 , FeO, Fe203 , NiO, PdO, PtO2.Ru 
O2 in solid electrolyte fuel cell which is stated inthe Claim 4 , 
solid electrolyte fuel cell . 

[Claim 7] At least one where metal addition product or oxide additi 
on ones are added by metal starting material and theoxide starting 
material of solid phase substitution reaction in solid electrolyte 
fuel cell which is stated in Claim 4 , arechosen from group of Al , 
Co , Mn , Mo, Ni , W, Y as metal addition product, it designates 
that itcan use at least one which is chosen from group of AI2O3 , 
BaO, Cr 2O3, MgO , Si02, SrO, Ti02, Y2O3, Z1O2 as the 
oxide as feature, solid electrolyte fuel cell . 

[Claim 8] solid phase substitution reaction designates that from ro 
om temperature stepped temperature rise is done in range ofthe " 
1400 °C in in vacuum or inert gas as feature in solid electrolyte 
fuel cell which is stated inthe Claim 4 , solid electrolyte fuel cell . 

[Description of the Invention] 
[0001] 

[Field of Industrial Application] This invention making use of soli 
d electrolyte, relates to structure of thesolid electrolyte fuel cell 
which converts free energy of Gibbs to electrical energy with 
theelectrochemical reaction regards structure of cell substrate or 
separator substrate of solid electrolyte fuel cell of especiallyflat 
sheet type support membrane system. 

[0002] 

[Prior Art] As for solid electrolyte fuel cell in electrolyte in order 
battery to operate with thehigh temperature of 1,000 °C 
neighborhood, making use of zirconia high efficiency , Generation 
of electricity of high output is expected, at same 
timeimprovement of fuel is unnecessary or easy and maintenance 
of theelectrolyte and to make unnecessary, because furthermore 
exhaust gas from thefuel cell it is a high temperature, because use 
limit of waste heat is wide, recentlythe research and development 
is advanced to accelerated progress regardless of inside and outside , 
governmentand private sector. 

[0003] Solid electrolyte fuel cell is roughly classified by cylinder an 
d flat sheet type to thestructural, can use ceramic any type as 
principal material. There is a self supporting membrane system 
and a support membrane system in representative ones of flat 
sheet type cell. With self supporting membrane system it forms 
anode and cathode in both surfaces of thestabilized zirconia which 
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[0 0 0 6] 



is a electrolyte has made unit cell. But as for thickness of 
electrolyte it is necessary to make 100 to 200 um 
extentbecause specific resistance of zirconia is large. In this case 
with self supporting membrane system such as making thin film of 
zirconia or problem of thehandling when producing surface area 
enlarging of cell is difficult. On one hand in order with support 
membrane system to form zirconia , cathode which is a 
electrolyteon for example anode substrate which had strength, 
surface area enlarging of cell becomespossible. In anode substrate 
in support membrane system of the latter proper, 

. circle- 1.. Be superior in mechanical strength as structure of cell 
main body. 

[0004] .circle-2.. Be superior in gas permeability for fuel. 

xircle-3.. Be superior in electrical conductivity. 

.circle-4.. It must be equal to YSZ(8 mol %Y203- Z1O2) where t 
hermal expansion coefficient (thermal expansion coefficient) is 
solid electrolyte. 

.circle-5.. It must be a difficult sintering. 

It could seek fact that characteristic are filled up, development oft 
he anode substrate was advanced over long year. So far being 
published to Table 1 composition and characteristic of 
therepresentative anode substrate which most is superior are 
shown. 

[0005] 

[Table 1] 



[0006] 

[Problems to be Solved by the Invention] But uses conventional an 
ode cell substrate or separator substrate an above-mentioned way 
regarding thesolid electrolyte fuel cell which, Still characteristic is 
not satisfactory, mechanical strength , gas permeability , 
electrical conductivity improves from conventional onesby using 
novel structure of anode cell substrate or separator substrate, and 
thermal expansion ratio is equalto YSZ, furthermore anode cell 
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substrate or separator substrate where metal component showsthe 
difficult sintering is developed, output density is large and it is to 
offer thesolid electrolyte fuel cell of flat type support membrane 
system where surface area enlarging of cell is possible. 

[0007] 

[Means to Solve the Problems] Above-mentioned object according 
to this invention larninating theseparator which applies oxidation- 
resistant layer to unit cell and separator substrate which allotthe 
electrode to cell substrate alternately, is achieved by assuming that 
it isa mtermingled cermet of metal matrix and ceramic matrix 
where at least one of cell substrate andthe separator substrate has 
network structure of three-dimensional in solid electrolyte fuel cell 
which becomes. 

[0008] As for ceramic matrix it can use at least one which is chose 
n from groupof Cr 2O3, FeO , Fe203 , Fe 304,Ti O2 in above- 
mentioned cermet, as for metal matrix it can usethe at least one 
which is chosen from group of Co , Cu , Fe , Ni , Pd , Pt , Ru . 
In addition as for mterrningled cermet of metal matrix and ceramic 
matrix which possessthe network structure of above-mentioned 
three-dimensional, it is possible, it can use theat least one which is 
chosen from group of Cr , Fe , Ti as metal starting material in 
thiscase, to form with solid phase substitution reaction of metal 
starting material and oxide starting material it can use theat least 
one which is chosen from group of CoO , Q12O , FeO , Fe203 , 
NiO , Pd O, O2 , Ru O2 as oxide starting material. 

[0009] When solid phase substitution reaction is A x O + yB 
xA + By O l:y or it makes specified mole ratio of theoxide 
powder and metal powder above that. Furthermore it can use 
metal addition product or oxide addition ones regarding theabove- 
mentioned solid phase substitution reaction, making at least one 
and oxide addition ones which are chosen from group of Al , Co , 
Mn , Mo, Ni , W, Y, as metal addition product it can use at least 
onewhich is chosen from group of AI2O3 , BaO, Cr 2O3, MgO , 
S1O2, SrO, Ti02, Y2O3, Z1O2 effectively. 

[0010] Upper limit of addition in this case is 20 wt% vis-a-vis star 
ting material total amount, the 10 wt% or less is suitable. And 
regarding above-mentioned solid phase substitution reaction from 
room temperature stepped temperature rise isdone in range of 
1400 °C in in vacuum or inert gas. 

[0011] 

[Work or Operations of the Invention] As for network structure 
where metal matrix and ceramic matrix are complicate dmutually in 
3 -dimensional metal matrix and ceramic matrix each one showing 
integrated structureunlike those which mix metal and ceramic 
which are made theobjective simply, structure which is connected 
to continuous is acquired. 

[0012] Conformity of thermal expansion coefficient is decided by 
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(1+n)A x 0 +yB+nzC=(1+rO xA+B y 0 +nC z 0 
(1) 

*fcc*<B*y»*ta)a»** ? a^iift«iifiNio -ti 



[0 0 1 6] 

A x 0+yB+nzC=A x " C nz a4+B y 0 
(2) 

<z>EJE*«£i:<&o Rfbttc z o fcSJn-rsa^iic zo />« 

Cr 2 03 ^JtlPjL&cfcofct & (3) st^fiJCA^ficSo 



A x (H-(1+n)yB+nC z 0 =A x • C n2 ££+(l+n)B y 
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weight ratio of metal matrix and theceramic matrix. In addition 
because mutual contact area is large with network structure which 
isrich to relief interface strength between metal matrix and 
ceramic matrix is large. Once when network structure where 
ceramic matrix lies between between metal matrix isformed that 
becomes scattering fault of substance migration. 

[0013] When solid phase substitution reaction is done between met 
al starting material and oxide starting material, substance 
migration dueto exchanging oxygen between metal starting 
material and oxide starting material happens, therearrangement of 
product happens. When at least one which is chosen from group 
ofPt02 , PdO, Ru02 , NiO, CoO, FeO, Fei03 , CU2O 
making useof at least one which is chosen from group of Ti, Fe , 
Cr as metal starting material, as oxide starting material is used 
solid phase substitution reaction becomes possible. 

[0014] As for any metal addition product or oxide addition things i 
n above-mentioned solid phase substitution reaction the. circle- 1.. 
reaction rate of cermet formation decreasing, narrowing to do 
structure, the.circle-2.. composition of produced phase changing, . 
circle-3.. microscopic oxide is dispersed, thermal expansion ratio , 
mechanical strength , electrical conductivity of cermet it can 
change this way. In case of . circle- 1 ...circle-3. oxide of alumina 
AI2O3 , magnesia MgO , silica S1O2, yttria Y203, zirconia Z1O2 
or other fine grain which is difficult to bereduced is added to 
starting material. In case of .circle-2. there is a case of metal 
addition and oxide addition. 

[0015] When metal C is added, when C affinity of B and thesame e 
xtent or oxygen is strong above that, when Cr and Alare added to 
for example NiO -Ti , reaction of Formula (1) is caused. 

(1+n) Ax O +yB+nzC=(l+n) xA+B y O +nC zO (1 

) 

In addition when C affinity of oxygen is weaker than theB, when 
Cu and Pt are added in for example NiO -Ti , reactionof Formula 
(2) happens. 

[0016] 

A x O+yB+nzC-A x * C nz alloy +B y O (2) 

Reaction occurs. When oxide C z O is added, when we assume, th 
at C z O it is reducedby B , adds CoO and Cr 2O3 to for 
example NiO -Ti being, kind ofwhen, reaction of Formula (3) 
happens. 

A xO+(l+n)yB+nCz O =Ax * C nz alloy +(l+n)B y O 

(3) 

C zO when being reduced by B SrO and BaO tothe for example 
NiO -Ti , adds being, kind of when, reaction of Formula (4) 
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AxO+yB+nCzO = xA+e y O-nC 2 0 
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«*«ib**ftbftl^«fif=l4A x: B: aSttHft^HTS^^E 
;utt£i: y: Slnttl^uBi: L. (i) <7>jRIC*fiC"rHT 
£<7>^;U±£(1+n): y: n ft&o (2) 0>£JS£igC-r 
»*I41: y: n £-r<S>o (3) O&fcZ £ C-T«£f4l : ( 
1+n)y: nt^4o (4) <7>&JS£ig C^if ^I4y : ntt5 
o 8S»ttl*ifl»JfclIiil-B4:&«4 2 0S»%^Bl5-e*So 



happens. 
[0017] 

Ax O +yB +nCz O = xA +By O * nCz O alloy oxide 

(4) 

In solid phase substitution reaction when from room temperature s 
tepped temperature rise is done in range of the 1400 °C, in in 
vacuum or inert gas you can hold down sudden reaction. 

[0018] 

[Working Example(s)] Next Working Example of this invention i 
s explained on basis of thedrawing. 

Working Example 1 

Composition and particle diameter of metal powder and oxide pow 
der and additive powder whichit uses are shown in Table 2 , Table 3 , 
Table 4. In order for oxide powder and metal powder to become 
specified mole ratio, mixing, mepredetermined amount adding 
poly vinyl alcohol aqueous solution and after mixing to fully, in * 
order tobecome disk of diameter 25 mm and height 3 to 5 mm 
or angular prism of 5 X 6 X 40 mm,making use of single screw 
press forming with pressure of 200 MPa it formedthe molded 
article. 

[0019] When solid phase substitution reaction is A x O + yB 
xA + By O it designates specified mole ratio of oxide powder 
andthe metal powder as 1 :y, when sintering when there is a 
oxidation due tothe atmosphere gas, it makes above 1 :y. 
proportion of additive when additive to be reduced alloy oxide is 
notmade difficult, designates specified mole ratio of A x: B: 
additive as 1: y: additive molar amount, designates specified mole 
ratio which causes reaction of (1) as (1+n): y: n . When reaction 
of (2) is caused, it makes 1: y: n . When reaction of (3) is caused, 
it makes 1: (l+n)y: n. When reaction of (4) is caused, it makes y: 
n. When adding additive to excess, 20 weight % is limit. 



[0 0 2 0] 1»6#lfcia»«:*7;U=fV**X#HKTr*HT 
S^SttT-BMBLfctt. 250 °c/hT*RSU BtS©SHT* 

iiJ6«iz«-siii«B«KiEa)sa^$ - >**-r»Hr*a& 
5icLra*<i:KffiB*»jiit-rsfcAr*y. iioo°c 

f4««*Jft-ft-rSfca6T*fe5o 



[0020] Molded article which it acquires under argon gas atmospher 
e with specified temperature degreasingafter doing, temperature 
rise was done with 250 °C/hr, solid phase substitution reaction 
was advancedwith specified temperature. Figure 1 through Figure 
4 is line drawing which shows temperature rise pattern of solid 
phase substitution reaction whichrelates to Working Example of 
this invention. With Figure 1 temperature rise pattern is formed 
with several step number, but, Dividing into several times with 700 
°C or below, what thermal processing it has done,because 
insulating temperature of respective solid phase substitution 
reaction is high, is, in order toform dense reaction layer, not to 
become sudden reaction like sintering and synthesis reaction and 
thermite reactionwhich accompany melting when it reacts with 
1 100 °C or higher what constant time thermal processingit does 
is with 900 °C in order making uniform to do weave. 
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[002 1] IMtttA x 0 tfftBA \* 



[0021] Oxide A x O is reduced by metal A , metal B oxidation be 
ing done, forms oxide B yO . In other words oxygen inside solid 
phase is substituted, for example oxide being NiO , metal is Ti to 
when 



2Ni0 +Ti=2Ni+Ti02 

[00 2 2] 
[12] 





Al 


Cr 


Fe 


Ti 


Ti 




-200mesh 


-200mesh 


-200mesh 


-lOOmesh 


-350mesh 



2 NiO +Ti=2 Ni + Ti02 
Reaction happens. 

[0022] 

[Table 2] 



[0 0 2 3] 
[S3] 



[0023] 
[Table 3] 





Fe 2 0 8 


Cr £ 0 3 


CutO 


PtO, 


RuO s 


NiO 


CoO 




2#m 


0.5 u 

m 


2um 




2/zm 


2/im 


2#m 



[O O 2 4] 



[0024] 
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[Table 4] 





Al 


Co 


Ud 


Mo 


Ni 


w 


Y 




-200 
mesh 




-200 
mesh 


2 Mm 




2/im 


-20 

mesh 




AUO, 


BaO 


CrtO. 


UgO 


SiO. 


SrO 


TiO t 




0.5 

ft m 


3 fim 


0.5 

It m 

M ill 


2 /zm 


0.5 

£1 ID 


3jum 


0.7 

xini 






ZrO, 














4#m 


0.4 // 
m 













When calm solid phase substitution reaction advances this way as f 
or phase composition of solid phasethe metal A and oxide ByO 
of reduction product in compound continuous mesh structure are 
formedwith entangled 3 -dimensional. Like conventional cermet 
production method when it mixes sinters metal and oxide which 
aremade object you sinter just simply, but with solid phase 
substitution reaction because ofthe substance migration due to 
exchanging oxygen redeployment of product happens,becomes 
kind of three-dimensional mesh structure to blend mutually as 
result. 



[0 0 2 5] *5|cHfflB«RlCr*»?>^fc««W<i:Ni-T 

i02 > v htm&<bmttvt£*-f 0 zzv%.nm£7 
mmLt-o 



[0025] Characteristic of representative Ni-Ti 02 cermet sinter wh 
ich in Table 5 is acquired with solid phase substitution reactionare 
shown. Here it measured porosity with Archimedes method, 
measured strength with the4-point bending test method of JIS- 
R1601 , in At gas atmosphere from room temperature measured 
thermal expansion ratiowith temperature range of 1000 °C, it 
measured gas permeability with room temperaturemaking use of 
N2 gas. 



[0 0 2 6] 



[0026] 
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[«5] 



[Table 5] 



nits 



3 s 



-350mesh 
-lOOmesh 
-350mesh 
-350mesh 
-lOOmesh 
-350mesh 
-350mesh 
-350mesh 
-350mesh 



mi 
m i 
mz 
mz 

M2 
03 
S3 
04 
04 



42 A% 
38. 5K 
36. 8% 
36. 3X 
34. 9% 
30. 0% 
27. 5% 
22,5% 
19.8% 



41MPa 
51HPa 
77MPa 



11.3X10-' 
11.4X10- 8 



127MPa 
147MPa 
176MPa 



1. 23X10" 4 
3. 91X10-* 
2. 46X10"' 



*:cra*g"V 



j* £ ffl I ***»ffl * * 1 00O°C(7);^ K 
Nit L< f4Niffla>^*a£?-*«RLT 

f4Niffl©J|ftgr*ff«Lfco SS^^eic 



[0 0 2 7] 
[£6] 



ofro J±«tftl44 





& 55c 


it SCt Q • cm 






5lvolXNi-YSZ 


2.0 xlO'* 


0.5* 


*55W 


67mol%Ni-Ti0i 


8.2 xio- s 


OX 



When Table 1 and Table 5 are compared, as for sample which isbas 
ed on this invention as for thermal expansion ratio it is a little 
large, but thestrength has increased clearly, in addition also gas 
permeability has becomehigh. specific resistance measurement test 
and sintering behavior measurement test were done then 
concerning sample No7. It measured specific resistance with 
temperature of 1000 °C in hydrogen atmosphere makinguse of 4- 
terminal method. In addition lOOOh after leaving, observing Ni or 
morphology of Ni phase with 1000 °C in hydrogen atmosphere, 
you appraised sintering behavior measurement test withthe particle 
diameter of representative Ni or Ni phase, result in Table 6 
Table 1 is shown until recently withcomparison with substrate. 

[0027] 

[Table 6] 



$6 £ y *«?Hr4lt«IS4 t 'hS < $ *>fciooo°CT*iooohStM 



That from Table 6, this invention specific resistance is small, it u 
ndenstands furthermore lOOOh after leaving, shrinkage ratio is zero 
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with the 1000 °C and therefore it is superior in electrical 
conductivity, is difficult sintering. Figure 5 is electron 
microscope photograph which shows crystal structure of Ni- Ti02 
anode cell substrate cross section whichrelates to Working 
Example of this invention. 

[0028] Sample is sample No.3 of Table 5. 3-dimensional continuo 
us mesh structure 9 of Ni phase is formed clearly, also 3- 
dimensional continuous mesh structure 10 of Ti02phase is formed, 
and it understands that entangled 3-dimensional continuous mesh 
structure is formed to thosecompound. This way anode cell 
substrate of this invention because metal Ni and oxide Ti02 of 
thereduction product in compound continuous mesh structure is 
formed with entangled 3-dimensional with solid phase substitution 
reaction ,in high strength is superior in electrical conductivity and 
gas permeability to be high alsothe thermal expansion ratio is equal 
to YSZ and cell substrate of difficult sintering can beacquired. 



[0029] *&BMtzmmmT'u\-T\02<Dm£ : S:m* 



[0029] Furthermore, this invention disclosed case of Ni- Ti02 wit 
h Working Example,but also cermet of combination which is 
shown in same wayin Table 7 , Table 8 , Table 9 was acquired, it 
understood that those each cermet aresuited for cell substrate. 



[O O 3 O] 
»7] 



[0030] 
[Table 7] 









mum 


Ti 


PtO, 


Pt-TiO, 


Ti 


RuO* 


Ru-TiO» 


Ti 


NiO 


Ni-TiO, 


Ti 


CoO 


Co-TiO, 


Ti 


FeO 


Pe-TiOs 


Ti 


CrzOi 


Cr-TiOj 


Ti 


Cu : 0 


Cu-TiOs 


Ti 


PdO . 


Pd-TiO, 



[O O 3 1 ] 



[0031] 
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[£8] [TableS] 





-tin 


&m 




Cr 


PtOs 


Pt-CraOs 


Cr 


RuOi 


Ru-Cr 4 0» 


Cr 


NiO 


Ni-Cr,0. 


Cr 


CoO 


Co-CriO» 


Cr 


FeiOs 


Fe-CnO* 


Cr 


CutO 


Cu-CriOt 


Cr 


PdO 


Pd-CrjO, 



[0032] [0032] 
[S9] [Table 9] 



urnstm 








Fe 


Pt0 2 


Pt-PeaOa 


Fe 


Ru0 2 


Ru-Fe a O s 


Fe 


NiO 


Ni-Fe 0 


Fe 


CoO 


Co-Fe 0 


Fe 


PdO 


Pd-Fe 2 0 3 


Fe 


Cu 2 0 


Cu-Fe 2 0 s 






-FeO 



HJS#IJ 2 Working Example 2 

(D 7 \£Z(D§£BM<DM$&&\\z1&i> Ni-TiCfe^— > h69£tfc Figure 7 is line drawing which shows relationship of porositybetwe 

\Z^g&Q&t&t&&)&g.Offl$k$:^i' SD"C&£>o B ^ en mechanical strength concerning Ni- Ti02 cermet sinter which 

fr\Z%.Rmtf'^ £ < ft 5 15if5£g t * # < ft K relates to Working Example ofthis invention. When also extent 

£ L J fl Tl^OXCD 5£g: £ h t &J300MPa ( Z ft Z t tft> A N strength where becomes clearly porosity smallbecomes large, seeks 
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strength of porosity 0% with extrapolation itunderstands that it 
becomes approximately 300 MPa. Then in order as much as 
possible for porosity to become small, thepellet was produced, 
sinter was formed. Result is shown in Table 10 , Table 11. 



[0 0 3 3] 
[Si O] 







& K 




67moli6Ni-Ti0e 


3% 


27iyPa 


11.8X10-* 



[0033] 
[Table 10] 



[0 0 3 4] 
[Si 1 ] 



[0034] 
[Table 11] 







Jt ffi St 


67moliHNi-Ti02 


2. 16X10" 7 


4.3xiO' 3 Q • cm 



sioi«i i *y**Mic*-3<««(*rvt-c***:it» 

^□^7.^j>r haftKfctttr^— x-f V-Jf LTiSfflMbSi: 

*fcfc*»ffiKS«tt<D-^±BK (Lao. 85Sro. 15)0. 9M 

SlM4ttttH«ttt*a>— ^©iffilCLaO. 8CaO. 22Cr03*^5 
X-7»»2Src* ytt200/imff*lcn— r-f >yifc«s * 
*SHSl*'Cl200 B Cr'2hj»aSLfco Lao. 8Cao. 22Cr03* » 

y Lao. 8CaO. 22Cr03*<s8«4: L J a«Sib-T*fc«>r 



As for sinter which is based on this invention it understands from t 
heTable 10 and Table 1 1 that it is possible to use for also 
separator ofthe flat sheet type solid electrolyte fuel cell, by 
making dense as much as possible. When dense sinter which is 
based on this invention is used for separator, itdesignates dense 
sinter which is based on this invention as separator substrate, 
inorder on other hand main surface Ni which is a metal component 
high temperature air oxidationnot to be done, coating doing with 
lanthanum perovskite composite oxide, it grantscompatibility 
characteristic as oxidation-resistant layer and forms separator, 
separator was produced then making use of dense sinter of Table 
10 , Table 11. Namely (Lao.85Sro.i 5) 0.9 Mn O3 
approximately 200 jjjti coating was done in main surface of 
oneside of dense sinter with plasma flame spraying method . Or in 
main surface of one side of dense sinter Lao. 8 Ca 0.22 Cr O3 in 
approximately200 um thickness coating after doing, in 
hydrogen atmosphere 2h thermal processing was done with 
the 1200 °C with plasma flame spraying method . densification 
to do is in order sample which Lao.8 Ca 0.22 Cr O3 flame spraying 
isdone as for reason which thermal processing is done Lao.8 Ca 0. 
22 Cr O3 becomes theliquid phase in hydrogen atmosphere 

depending upon thermal processing . 



[OO 3 5] H6f4C(7)56BHa>lilE«rz«4-by<U-*S 



[0035] Layout diagram which shows electrical conductivity measur 
ement test equipment of separator substrate which relates to 
the Working Example of this invention X there is a Figure 6. 
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[0 0 3 6] 
[«1 2] 



electrical conductivity measurement test equipment supplies air 1 
or 3 % humidified hydrogen 6 to both surfaces of separator 
substrate 3 which was covered with oxidation-resistant layer 2. 
equipment is stored up in alumina tube 8. nitrogen 5 is let flow in 
surroundings of air 1 or 3 % humidified hydrogen 6. electrical 
conductivity was examined with 1000 °C. Time is after lh and 
after lOOOh . Result with specific resistance is shown in Table 12. 
It measured specific resistance with 4 -terminal method. 

[0036] 
[Table 12] 





La(Sr)Il!n0 3 /Ni-Ti0 8 


La(Ca)CrO,/Ni-Ti0 3 




67©ol5SNi-TiOr 


67molXNi-Ti0 8 




(Uo. bbSiV >&)o. dUnOa 


Lao. sCa 0 . s2Cr0a 


it 
tt 


lOOG'C, lh 


8.4X10" S Q • cm 


8.7xiO" a Q • cm 


fit 


100ETC, lOOOh 


8.5xl0" 3 fi • cm 


8. 7x10"* Q • cm 



[0 0 3 7] 

* S«a>d>fc < 1 1 - o A* 3 »7cMf = A y Hi A/*£« g 

7$7^X7h y ^x^Mttfc^ ysfes-r&ct A«-c*aN 



This way according to this invention sinter of dense is designatedas 
separator substrate, on other hand main surface coating is done 
with thelanthanum perovskite composite oxide, separator can be 
formed by granting compatibilitycharacteristic as oxidation- 
resistant layer. Furthermore this invention disclosed case of Ni- 
Ti02 in detail withthe Working Example, but also characteristic 
which is equal to Table 12 by coatingdoing lanthanum perovskite 
composite oxide of Table 12 vis-a-vis cermet of 
combinationwhich is shown in same way in Table 7 , Table 8 , 
Table 9, was acquired, itunderstood that those each cermet are 
suited for separator substrate. 

[0037] 

[Effects of the Invention] According to this invention, because it i 
s a mtermingled cermet of metal matrix andthe ceramic matrix 
which show network structure where at least one of cell substrate 
or theseparator substrate is complicated in 3 -dimensional, as for 
metal matrix and ceramic matnxshowirig integrated structure 
respectively, because it has been connected to thecontinuous, 
mechanical strength , electrical conductivity of cermet increases. 
In addition concerning thermal expansion ratio of cermet, it is 
possible todecide with weight ratio of metal matrix and ceramic 
matrix furthermore ceramic matrixlies between between metal 
matrix and sintering metal matrix is prevented. It is superior in 
mechanical strength , electrical conductivity , thermal conformity 
and this way cell substrate or separator substrate of thedifncult 
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[0038] ±mmmtmittemm<Dmvmttmt§L&fc& 

B*a**E*-r* 0 *BB»i:LTIiTi. Fe. Cr0)8fr*> 
PdO. Ru02 . NiO. CoO. FeO. Fe203 . Cu2O0>S$ft^2l2 
-tr^ H 7^A7 h U ^XIiTi02. FeO. Fe304. Fe203. Cr2 

03fl>»*€>ai*ifciWKtt-or*y» M^h^x 

l4Pt. Pd. Ru. Ni. Co. Fe. Cu<D§*fr€>§iJ*Lfc'>£ < t 



sintering is acquired. 

[0038] When solid phase substitution reaction is done between met 
al starting material and oxide starting material, substance 
migration dueto exchanging oxygen between metal starting 
material and oxide starting material happens, therearrangement of 
product happens and network structure of three-dimensional forms. 
When at least one which is chosen from group of Pt O2 , Pd O, 
Ru O2 , NiO , CoO , FeO , Fe203 , Q12O making useof at least 
one which is chosen from group of Ti, Fe , Cr as metal starting 
material, as oxide starting material is used solid phase substitution 
reaction becomes possible and as for ceramic matrixit is a at least 
one which can be selected from group of Ti02, FeO, Fe 3O4, 
Fe203 , Cr 2O3, thecermet which is a at least one which is chosen 
from group of Pt, Pd,Ru, Ni , Co, Fe , Cuforms metal 
matrix. 



[0 0 3 9] *BStt1*£LTA1. Co. Mn. Mo. Ni. W. Y 
2O3. BaO. Cr203. MgO. Si02. SrO. T1O2. Y2O3. Zr02 7b x *> 

!lihfe'>ft<i:t.-o$Ii^t*-> v h£j#<7>& 

jc*tt*«T*i*T*Mit»anbLfcy. 
*fc*-frfcy. tt«Kt»ft«i*»**#fcyLr-tf'->^ 



[o 0 4 0 ] H«B«RJBi=fit^rKffi« fcii^Stt^rx 

*|c£l*T£S**& 1 4 O O c C<DKB-eBKtt<2>SB±» 



[B2] c(7>*M<7)ia6«ic«sB«fi«sica)»a/<* 



[S3] C(D*W<7>lilE«lc«5HfflB*SJC(7)ffa/<* 



[B4] CO)«na)XlEfllcfflbfiD4IBlftSlC0!)#Z/<» 



[B5] c<7)*BB<7)»16«fc«SNi-Ti027/- Kir;u*S 



[G039] Making at least one and oxide addition ones which are cho 
sen from group of theAl , Co , Mn , Mo, Ni , W, Y, as metal 
addition product when it uses at least one which is chosenfrom 
AI2O3 , BaO, Cr 2O3, MgO , Si02, SrO, T1O2, Y2O3, Zr02, 
reaction rate of cermet formation decreasing, narrowing doing 
restructure, composition of produced phase changing, dispersing 
microscopic oxide it giveschange to characteristic of cermet and 
substrate which is superior inthe thermal expansion ratio , 
mechanical strength , electrical conductivity is acquired. 

[0040] When from room temperature stepped temperature rise is 
done in range of 1400 °C, in in thevacuum or inert gas in solid 
phase substitution reaction, you can hold down sudden reaction, 
microscopic crystal structure due to the annealing grows, substrate 
which is superior in mechanical strength is acquired. 

[Brief Explanation of the Drawing(s)] 

[Figure 1 ] Plot which shows temperature rise pattern of solid phas 
e substitution reaction which relates to theWorking Example of 
this invention. 

[Figure 2] Plot which shows temperature rise pattern of solid phas 
e substitution reaction which relates to theWorking Example of 
this invention. 

[Figure 3] Plot which shows temperature rise pattern of solid phas 
e substitution reaction which relates to theWorking Example of 
this invention. 

[Figure 4] Plot which shows temperature rise pattern of solid phas 
e substitution reaction which relates to theWorking Example of 
this invention. 

[Figure 5] Electron microscope photograph which shows crystal s 
tructure of Ni- Ti02 anode cell substrate cross section which 
relates to theWorking Example of this invention. 
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1 SSI 

2 -fe/<U-£J§ 

3 -b/<u-*ft« 

4 ^7hU>y 

5 mm 

6 3 %ilDS7K3S 

7 g - Kit 

8 TJUS^t 

9 «7h'JW 

1 O il^S 7^7X7 h'J^X 

[01 ] 



1100 
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[Figure 6] Layout diagram which shows electrical conductivity me 
asurement test equipment of separator substrate which relates to 
the Working Example of this invention. 

[Figure 7] Line drawing which shows relationship of porosity betw 
een mechanical strengthconcerning Ni- Ti02 cermet sinter which 
relates to Working Example of this invention. 

[Explanation of Reference Signs in Drawings] 

1 air 

2 separator layer 

3 separator substrate 

4 gasket ring 

5 nitrogen 

6 3 % humidified hydrogen 

7 lead line 

8 alumina tube 

9 metal matrix 

10 ceramic matrix 

[Figure 1] 
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[Figure 2] 
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[Figure 3] 
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[Figure 4] 
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